D URING recent years the spatial aspects of electrocardiography have found increasing consideration. Electronic apparatus to record the vectorcardiogram in three planes is now being used in several laboratories. However, the method is far from standardized, and the analysis, so far, has been descriptive rather than quantitative.'-4 The main direction of the QRS and T loops of individual patients have been measured in a frontal, sagittal and horizontal plane,'-7 but this method of presentation still necessitates a mental synthesis. In most of his work, Grant8-'0 is satisfied to arrive at a qualitative estimate of the direction of the mean QRS, S-T, and T vectors, but in another communication" he gives a quantitative method for the calculation of spatial vectors, using Wilson's tetrahedron' as reference. However, the calculations are too complicated to be used for a large material and especially in clinical routine.
The method described in this communication will allow one to construct the direction and magnitude of spatial vectors, using the routine electrocardiographic procedure with only minor From the Laboratory of Physiological Hygiene, University of Minnesota, and the Veterans Administration Hospital, Minneapolis, Minn. This work was supported in part by a research grant from the Minnesota Heart Association.
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PRINCIPLE
The Einthoven triangle represents a frontal plane which divides the body into an anterior and posterior half. The vector measurements by means of the original Einthoven triangle or in Bayley's modification'3 will give the correct values only if the vectors are in that frontal plane. If the vectors are directed posteriorly or anteriorly, the projection on the frontal plane will be foreshortened by a predictable amount if the direction in the horizontal plane is known. The data obtained from the standard leads show the foreshortened vectors in the frontal plane.* The position and magnitude of the vector in space can be obtained from the direction of the projections in the horizontal and frontal planes and the magnitude of either of these projections. For this determination of magnitude we use the frontal plane, that is, the distant leads I and III, thus obviating any estimate of distance between the precordial leads and the heart, as in Duchosal and Grosgurin's'5 or Schaefer's'6 approach. In Bayley's diagram, the standard leads are kept parallel to the sides of the original Einthoven triangle, but displaced so as to pass through the center; for instance, lead I goes horizontally through the center. point is provided at the ±180 degree point (rightlateral) in order to make all possible spatial vectors accessible for measurement.
The vectors are represented by rods A ("vector rods") mounted on General Electric Alnico magnets 4Y13lP4.* The magnets were provided with shoes which were machined to fit the surface of the metal sphere (S). Three vector rods (A) with magnets (M) are shown in figure 1 . Some of the rods are bent in such a way that their prolongation passes through the center C of the sphere S. This makes it possible to measure any angle, however small, between spatial vectors. The magnetic plmoperties of the Alnico magnets are excellent; with the fitted shoes, they slide easily on the polished spherical surface, but hold firmly to any location upon which they are placed. The length of the rods is 20 unitst from the center C, and they have movable ring marks (R).
Horizontal Plate
The horizontal plane is a circle representing the surface of the chest at the fifth intercostal level, with the lead positions and half marks between given in terms of angles in respect to the center of the heart (fig. 2) . The transverse line through the center is defined as zero (left) to ± 180 degrees (right), and the midsagittal line as +90 degrees (anterior) to -90 degrees (posterior); "right" and "left" refer to the chest of the subject.
Lead I is shown in figure 2 The construction of the horizontal plane includes a correction for the asymmetric position of the heart which was made on the basis of measurements from chest plates of 72 normal, miiddle-aged men,:
and from careful consideration of cross-sectional anatomy."7 18 There is some experimental evidence that the arbitrarily defined mean anatomic center must be quite close to the mean electrical center. 19 In the center of the horizontal plane is a short rod 0 of a height of 1 unit, so that its peak is 20 units from the center C. Rod 0 serves two purposes: as a pivot for the rectangular rulerlU, and for the measurement of the vertical angle V. Since the peak of 0 and the end of the rods A are 20 units from the center of the sphere, the vertical angle V * We wish to thank Mr. W. K. Wiscomb, Carb)oloy, General Electric Co., Chicago, Ill., for his kind cooperation in this matter.
is measured as distance between these two points and converted into degrees by means of a special ruler ( fig. 3c ). The angle between two spatial vectors is measured with the same rules as distance between the ends of the rods A. Since a unit equals 12 inch, the area of the horizontal plane is 20 by 20 inches.
The rectangular ruler U is made of transparent plastic (plexiglass) as shown in the photographs (figs. l to 3). The movable vertical rod P is fastened at the apex of a triangular base F, made of metal.
The length of rod P is 30 units (15.5 inches) which is sufficient for the large majority of measurements.
A longer rod is provided for vectors with an unusually large vertical angle V`.
As further auxiliary equipment, a set of straight rulers for measurement of the magnitude of the vectors, and for reading the angles directly fromn the distance between the end points of the vector rods (figs. 2 andir 3), and a chart for determination of the vector in the frontal plane ( fig. 4) determined by finding the point of zero or equiphasic potentials, using the rectangular ruler for reading the angle of the vector in the horizontal plane (H). The most probable location for the point of equiphasic or zero potentials is determined from the direction of the deflections in adjacent chest leads for both the QRS complex and T wave. In the case of the T wave the magnitude relative to the QRS deflection is also taken into consideration. One edge of the rectangular ruler is put on this point and the angle is read at the other (reading) edge on the circular scale. (See fig. 2a . (fig. 2c ). This point of contact is the geometric location for the intercept between the horizontal and the frontal mark on P. The ring mark on A is set opposite this point as indicated by the left forefinger shown in figure 3a . The magnitude of the vector (Mag) is measured as distance from center to ring mark ( fig. 3b ) by means of a straight ruler set along the vector rod A. The vertical angle V is measured as distance between the end of vector rod A and peak of 0, both having the same distance from the center (20 units 
Measurements, Definition of Direction and Signs
Each vector is characterized by two angles (horizontal and vertical), and by its magnitude. The horizontal angle (H) is read directly on the horizontal plane by means of the rectangular ruler U, as described before. The 90 degree ruler has to be placed in such a way that the arm for the reading points to the positive deflection.
The verticle angle is measured as distance between the end of the vector rod and peak of 0, thus representing the angle between the vector and a vertical projection from the center C to the horizontal plane.
While the horizontal angle corresponds to the azimuth, the vertical angle differs from the "elevation" in analytic geometry. The Einthoven definition of a as the angle between the vector and a horizontal line through the center is actually closer to the definition of "elevation," except that positive values for a would correspond to a "depression," and negative values to an "elevation," which would be confusing. Our definition of the vertical angle V has the advantage of a very simple procedure of measurement; it could be easily expressed as positive or negative elevation in terms of V -90 degrees.
The direction of the spatial angle between two vectors (dA degrees) viewed from above is defined as positive when the second one is in clockwise rotation from the first one, and as negative when in counter-clockwise rotation in respect to the horizontal plane. The sequence of "first" and "second" corresponds to their sequence in the heart cycle.
Example (fig. 5) of Measurement of the Mean QRS and T Vector
Step 1: Measurement of the Horizontal Angle H (fig. 2a) . For the determination of the horizontal angle, the tracings from the fifth intercostal level are used (third row, fig. 5 ). In V2 the S wave, and in V3 the R wave are the largest QRS deflections so that the location for an equiphasic QRS is between V2 and V3 but somewhat closer to V3. One edge of the rectangular plexiglass ruler is placed on the location indicated by the left forefinger ( fig. 2a) Step 2: Determination of Height on Vertical Rod P (fig. 2b) . The mean QRS deflections, corrected for standardization, are 5.0 and 5.9 in leads I and III respectively, and those of the T wave are +2.5 and +0.7, respectively. From the chart of figure 4 the height on rod P is found to be 11.2 for QRS and 18.8 for T. The ring mark 11.2 on the rod P is set by means of a ruler (inches in decimals). The right forefinger ( fig. 2b ) points to the ring mark in this position.
Step 3: Intercept between Frontal and Horizontal Plane ( fig. 2c ). Rod P is put on the value of QRS in lead I (5.0) and approached on this line to contact the edge of the 90 degree ruler. The ring mark on P is now the end point of the spatial QRS vector.
Step 4: Spatial QRS Vector ( fig. 3a) . The magnet with the vector rod A is slid on the surface of the sphere to contact the ring mark on P. The ring mark on A is set opposite this point, as shown by the left forefinger.
Step 5: The Magnitude (Mag) of the Vector (fig. 3b) . The magnitude of the vector is measured by means of a straight ruler, set along the vector rod A, as distance from center to ring mark. In this example, a value of 10.7 mm. is obtained.
Step 6: The Vertical Angle V ( fig. 3c ). The vertical angle V is measured as distance between the end of vector rod A and peak of 0. The value is 28 degrees.
Step 7: Angle between Spatial QRS and T Vector (fig. 3d) 
Error of Measurement
The error of the determination of spatial vectors includes the error of measurement of the deflections in lead I and III. This error was calculated on the basis of independent repeat measurements of the same tracings20 and is quite small. Table 1 shows the error of independent repeat measurements of the vectors in the same tracings of 30 normal men by two experimenters in terms of means and standard deviations. The probable error of the determination of spatial angles, calculated for 90 per cent expectancy, is about 5 degrees, which seems to be quite satisfactory. Also, the error of the measurement of the magnitude of vectors (about 1 mm. for QRS and 0.6 mm. for the T wave) is not large.
Effect of the Horizontal Level of Anterior Precordial Leads
The precordial leads V, and V2 are taken at the fourth intercostal level, and V4 to V6 at the fifth intercostal level. For vector analysis all precordial leads should be taken at the same (fifth) level. Since the T wave as well as QRS complex become more inverted at a higher level, the horizontal angle as measured at the conventional lead positions is usually rotated too far to the left as shown in the example of figure   5 . In 30 normal men, the conventional V, to V3 were taken together with leads in the same vertical lines at the fifth intercostal level V1(5) to V3(5). The mean difference of angle H was about 6.5 degrees for the QRS as well as the mean T vector. This difference was statistically highly significant but the standard deviation was too large to suggest a standard correction for the individual tracings. Therefore, or less. While such values could be arrived at through division of the orginal values, it decreases the accuracy of the measurement. Therefore, an extension of 18 units is provided for the horizontal plane. The intercept (step 3) is simply obtained by putting a straight ruler on the reading of lead I, and another straight ruler on the reading edge of the rectangular ruler as its prolongation. A magnet with a vector arm of 36 instead of 20 units is also provided. Since this auxiliary procedure is necessary only in rare instances, it has not been made a regular part of the apparatus and is not If the direction of the vectorial forces is perpendicular to the frontal plane (that is, if H = ±90 degrees), it ceases to be representative for the electrical events. Therefore, the error of measurement increases if H approaches +90 degrees. A partial compensation is obtained by elongation of the horizontal plane, as described in the footnote on page 409.
The definition of a mean QRS and T vector is not precise because of phase differences in the different leads. Determination of instantaneous vectors, therefore, will be more accurate than that of mean vectors, which were used for illustration of the method, but require twvo or three channel electrocardiographs. For determination of instantaneous vectors, only zero potentials are used for the location of the transition point.
The error of the measurement of the vector was found to be tolerably small, but this does not necessarily mean that the determined vector is actually the true vector for a given individual because: (1) the individual chest contour may differ from the average taken as a basis for the horizontal plane; (2) the individual center may differ from the mean center; (3) the center may shift during the cycle; (4) the anatomic center may not be identical with the electrical center; (5) the electrodes may be misplaced. The effect of these sources of error was investigated, but is not discussed in detail. For items 1 The method is based on the determination of the direction of the vector in the horizontal plane from the precordial leads, and of the direction and magnitude in a frontal plane from lead I and III.
The horizontal plane is a circle with lead projections marked on its periphery in terms of angles from a center which was the mean center found from measurements of the chest plates of 72 normal males. The transverse diameter represents lead I and is divided into units corresponding to lead I.
The apparatus consists of the horizontal plane as a base and a metal sphere held by a rectangular metal arm at a height of 21 units (= 10.5 inches) above. The vectors are represented by steel stems on a magnetic base with pole shoes fitting to the metal sphere and with movable ring marks for the end point of the vectors. This point is found as intercept of the direction in the horizontal plane and the height above that plane is determined by means of a special chart.
The probable error of measurement of spatial angles as calculated from the standard deviations of two independent measurements ill 30 normal subjects is of the order of i5 degrees, and that of the magnitude of vectors is about ±1.0 (= 0.1 my) and ±40.6 mm. for the QRS and T vector.
There is a consistent difference for the horizontal angle when V,, V2 and V3 are 
